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DESCRIPTION 
BIPOLAR ELECTROSTATIC CHUCK 



Technical Field 

[000l]The present invention relates to a bipolar electrostatic chuck that electro- 
statically attracts and holds a sample. 



Background Art 

[0002] There has been widely employed an electrostatic chuck that electro- 
statically attracts and holds a sample such as a wafer or a glass in a device that is 
used in a semiconductor manufacturing process required in forming an integrated 
circuit on a semiconductor wafer such as silicon, such as an etching device, a 
plasma processing device used for formation of a thin film through a chemical 
vapor deposition (abbreviated to CVD), an electron exposure device, an ion 
rendering device, an ion implanting device, or in a device that is used in a process 
of manufacturing a liquid crystal display panel which is employed for a TV screen 
or a computer display such as a substrate bonding device or an ion doping device 
which is used in press-inserting liquid crystal in an insulating substrate such as a 
glass. This is because the electrostatic chuck exercises an excellent performance 
with respect to a problem of a damage of a sample, a problem of a high defect rate 
that is attributable to particles which are generated from a scratch caused by a 
mechanical contact, the compensation of the flatness of the held sample, and the 
like as compared with holding using a mechanical mechanism. 
[0003] In recent years, large size liquid crystal display televisions have been 
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widely used, and flat panel displays have been developed. In response, there is 
the necessity of processing larger glass substrates than the past glass substrates. 
As an example, products using large substrates that exceed 1 m x 1 m in size have 
been manufactured. Also, in a semiconductor manufacturing process, processing 
of a silicon wafer that is 300 mm in diameter is becoming a present mainstream. 
In both cases, the size of products is becoming larger, and an increase in the 
weight of the glass substrate and the semiconductor wafer makes more important 
the high attracting performance as well as the flatness of the sample on an 
attracting plane when the sample is attracted by the electrostatic chuck. 
[0004] In general, the flatness of the sample that has been attracted by the 
electrostatic chuck on the attracting plane is associated with the magnitude of a 
holding force by which the electrostatic chuck holds the sample. In other words, 
as the sample to be attracted is increasing in size as described above, the 
electrostatic chuck must have the sufficient holding force. 

In the bipolar electrostatic chuck that applies positive and negative 
voltages to two electrodes, it is presumed that a semiconductor wafer such as 
silicon or dielectric material such as a glass substrate is attracted by the action of 
a gradient force F that is developed in the case of an uneven electric field as 
expressed by the following Formula (l). The gradient force is proportional to the 
spatial differential of the electric field intensity E squared, that is, the gradient. 

F ocV(E2) ,„ (1) 

[0005] Up to now, there have been reported several bipolar electrostatic chucks 
that allows a distance between the adjacent electrodes to be narrowed. For 
example, there has been reported a bipolar electrostatic chuck in which electrodes 
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each having a band-like comb teeth configuration are alternately arranged to form 
a one-layer comb type bipolar electrode of 10 cm x 10 cm, and the respective 
electrodes are arranged at a pitch of 1 mm (each of the electrode widths is 1 mm 
and the interval between the respective electrodes is 1 mm), and a surface 
dielectric layer is set to 50 jim (see K. Asano, F. Hatakeyama, and K. Yatsuzuka, 
"Fundamental Study of an Electrostatic Chuck for Silicon Wafer Handling", IAS 
'97. Conference Record of the 1997 IEEE Industry Applications Conference 
Thirty-Second IAS Annual Meeting (Cat. No. 97CH36096), Part: vol.3, Pages: 
1998-2003). The electrostatic chuck obtains an attracting performance of equal to 
or less than 3N at a supply voltage of 1500 V with respect to a silicon wafer to be 
attracted. This corresponds to equal to or less than 3 fg/cm^ in the terms of an 
attracting performance per unit area. Also, there has been reported an example 
in which the hne width of the band-like electrodes and the interval of the band- 
like electrodes are set to 0.3 to 3 mm, respectively, in a bipolar electrostatic chuck 
having a pair of band-like electrodes in the interior of an insulating material (see 
JP 10-223742 A). In addition, there has been reported an example in which 
electrodes apart from each other are disposed on a dielectric base, and the 
electrode width and the electrode interval of those electrodes are set to 100 pm or 
less, respectively (see JP 2000-502509 A). 

[0006] However, in the case where the distance between the electrodes that are 
adjacent to each other is shortened, there arises a problem of a discharge limit. 
That is, because it is difficult to control an etching cross-section of an electrode 
material that is used for the electrostatic chuck and to control the formation of an 
adhesive layer that fixes the electrodes in the interior of the insulating material, 
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for example, as expressed in a schematic cross- sectional view (enlarged view) of 
the vicinity of the electrodes shown in Fig. 28 that illustrates a cross section of the 
conventional bipolar electrostatic chuck, an electric field is liable to be 
concentrated to sharp portions of edges of a first electrode 2 and a second 
electrode 4 which are attributable to uneven etching. Also, voids occur when an 
adhesive agent for forming an adhesive layer that fixes the respective insulating 
layers to each other or the insulating layers with the electrodes is bonded. As a 
result, the dielectric breakdown strength is remarkably deteriorated between the 
adjacent electrodes. For that reason, in the above-mentioned bipolar electrostatic 
chuck, when a distance between the electrodes is close to a given distance, there is 
an uncertainty that a discharge may occur between the electrodes. 
[0007] In general, it is presumed that the discharge limit is about 3 kV when the 
distance between the electrodes is 0.5 mm in the bipolar electrostatic chuck. In 
fact, in the case of using the bipolar electrostatic chuck described above, a voltage 
that is lower than this discharge limit must be applied from the viewpoint of the 
safety ratio. For that reason, in the conventional bipolar electrostatic chuck that 
narrows the interval between the electrodes as described above, a voltage that can 
be actually applied is limited, and there arises such a problem that a sufficient 
attracting performance, i.e., gradient force, cannot be exercised because a weight 
per unit area is increased with respect to a semiconductor wafer that is 
increasingly enlarged diameter in size or a glass substrate that is used for a liquid 
crystal TV or a flat panel display which are increasingly enlarged in size. 
[0008] On the other hand, in the case where an insulating sample is attracted by 
the electrostatic chuck, there arises such a problem that a sample is difficult to 
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dismount from the attracting plane of the sample due to the residual charges even 
if a voltage that is applied to the electrodes is turned off. In particular, this 
problem becomes severe as the sample is increasingly enlarged in size. 
[0009] The electrodes are positioned in a plane in most of the bipolar electrostatic 
chucks including the type described above. There has also been reported an 
electrostatic chuck of the type in which a plurality of electrodes are laminated on 
one another in the interior of the insulating material (see JP 2838810 B). This 
bipolar electrostatic chuck is identical with the above-mentioned bipolar 
electrostatic chuck in the viewpoint that electrodes that are different in the 
polarity positioned in the same plane, and suffers from the discharge limit 
likewise. 

Patent Document l: JP 10-223742 A 
Patent Document 2: JP 2000-502509 A 
Patent Document 3: JP 2838810 B 

Non Patent Document 1- K, Asano, F. Hatakeyama, and K. Yatsuzaka, 
"Fundamental Study of an Electrostatic Chuck for Silicon Wafer Handling", IAS 
*97. Conference Record of the 1997 IEEE Industry Applications Conference thirty- 
second IAS Annual Meeting (Cat. No.97CH36096), Part: vol.3, Pages: 1998-2003 

Disclosure of the Invention 

Problems to be solved by the Invention 

[OOlO] Under the circumstances, the present inventors have paid attention to the 
fact that the discharge limit of the conventional bipolar electrostatic chuck 
described above is about 6 MV/m in electric field intensity. This value is lower 
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than the dielectric breakdown field strength of 10 MV/m in vacuum which has 
been generally empirically known, and is overwhelmingly lower than the 
dielectric breakdown strength of the insulating material, for example, 160 MV/m 
in polyimide. This has led to a conclusion that the configuration of the adjacent 
electrode edges, voids within the adhesive layer which exist between those 
electrodes greatly, and the like cause the deterioration of the dielectric breakdown 
field strength between the electrodes that apply voltages different in polarity from 
each other which are adjacent to each other in the interior of the insulating 
material. 

Then, as a result of keenly studying the realization of the bipolar 
electrostatic chuck that is excellent in electric field strength and exercises the 
high gradient force that is sufficiently acceptable to a large sample, the present 
inventors have completed the present invention by the following manner. A first 
electrode and a second electrode which apply voltages that are different in 
polarity from each other are arranged in the order fi*om a sample attracting plane 
toward a depth direction in the interior of an insulating material, and an 
insulating layer that is excellent in the dielectric breakdown strength is disposed 
between those electrodes, to thereby shorten a distance between those electrodes 
with the result that the excellent dielectric breakdown strength is found even if 
the high gradient force is exercised. 

[00 11] Accordingly, an object of the present invention is to provide a bipolar 
electrostatic chuck that is excellent in dielectric breakdown strength and 
exercises the excellent attracting performance. 

Also, another object of the present invention is to provide a bipolar 
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electrostatic chuck which is capable of eliminating the difficxilty of dismounting 
the sample &om the sample attracting plane as much as possible after a turning 
off the voltage that has been applied to the electrodes. 

Means for solving the Problems 

[0012] That is, the present invention relates to a bipolar electrostatic chuck which 
has a first electrode and a second electrode in an interior of an insulating 
material, generates at least an attracting performances bv a gradient force, and 
attracts a sample by allowing allows a surface of the insulating material to 
function as a sample attracting plane, characterized in that the insulating 
materia l is formed by laminating an upper insulating layer, has the first 
electrode, an interelectrode insulating layer, when the sample attracting plane is 
viewed in a depth direction, aed the second electrode has an area that is not 
overlapped with the first electrode, a plurality of first electrodes and a pliirality of 
second electrodes being alternately arranged in a direction in which the area that 
is not overlapped is crossed a plurality ordor o f times distanco firom the sample 
attracting piano in a depth direction of the insulating material, and the second 
electrode has an area that is not overlapped with the first electrode when in a 
normal iiae diroction ei the sample attracting plane is viewed in the depth 
direction . 

Further, the present invention relates to 
a bipolar electrostatic chuck, in which an electrically conductive layer is further 
formed on the surface of the insulating material, and the surface of the 
electrically conductive layer serves as the sample attracting plane. 
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[0013] In the present invention, it is necessary that the first electrode, the 
interelectrode insulating layer, and the second electrode are disposed in the order 
of distance from the sample attracting plane in the depth direction in the 
insulating material, and the second electrode has an area that is not overlapped 
with respect to the first electrode in a direction normal to the sample attracting 
plane. It is necessary that the first electrode and the second electrode are apart 
fi:om each other in the depth direction, i.e., thickness direction, of the insulating 
material in the interior of the insulating material. Also, it is necessary that the 
interelectrode insulating layer exists between the first electrode and the second 
electrode. 

[0014] In the present invention, the fact that the second electrode has the area 
that is not overlapped with respect to the first electrode in a direction normal to 
the sample attracting plane corresponds to the fact that the second electrode has 
an area that is not overlapped with the first electrode in the case where only the 
first electrode and the second electrode that exist in the interior of the insulating 
material are viewed in the sample attracting plane in the vertical direction. To be 
more specific, there is a case in which the second electrode is not overlapped with 
respect to the first electrode when in the normal line diroction ef the sample 
attracting plane is viewed in the depth direction . There is also another case in 
which a part of the second electrode is overlapped with the first electrode when in 
the normal Mne diroction ef the sample attracting plane is viewed in the depth 
direction . In this case, the second electrode is not overlapped with the first 
electrode except for the above-mentioned overlapped portion. In this event, a case 
in which the first electrode and the second electrode are overlapped in a line when 
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ffi tbe normal dirootion ef the sample attracting plane is viewed in the depth 
direction, and a case in which the first electrode and the second electrode are 
overlapped in a point contact in the normal direction of the sample attracting 
plane belong to the latter specific example, that is, the case in which a part of the 
second electrode is overlapped with the first electrode when in the normal line 
direction ef the sample attracting plane is viewed in the depth direction . 
[0015] In the respective configurations of the first electrode and the second 
electrode and in the arrangement of both electrodes in the interior of the 
insulating material in the present invention, it is necessary that the second 
electrode has the area that is not overlapped with respect to the first electrode 
when in the normal Mae direction ef the sample attracting plane is viewed in the 
depth direction, as described above. The following cases are provided as 
examples. 

[0016] That is, the case in which the second electrode is not overlapped with the 
first electrode in the normal line dirootion ^the s amplo attracting piano includes, 
for example, a case in which the first electrode is formed in the band'like comb 
teeth configuration, the second electrode is also formed in the band-like comb 
teeth configuration, and those two band-like comb teeth are alternately arranged 
in such a manner that the second electrode is not overlapped with the first 
electrode in the normal line direction ef the s amplo attracting piano . Also, there 
is included a case in which the first electrode is formed in the semicircxilar 
configuration, the second electrode is formed in the semicircular configuration so 
as to be axisymmetrical with the first electrode, and the second electrode is not 
overlapped with the first electrode in the normal line direction ef the s amplo 
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attracting plcmo . Further, there is included a case in which the first electrode is 
formed in a rectangular or square configuration, and the second electrode is 
formed in a rectangular or square configuration so as to be axisymmetrical with 
the first electrode in such a manner that the second electrode is not overlapped 
with the first electrode i» the normal line diroction ef the oomplo attracting piano . 
[0017] The case in which a part of the second electrode is overlapped with the first 
electrode in the normal tine diroction ef the oomplo attracting piano includes, for 
example, a case in which the first electrode is formed in the band-like comb teeth 
configuration, the second electrode is also formed in the plane configuration 
having a given area, and the part of the second electrode is overlapped with the 
first electrode in the normal Mne diroction ef the s ample attracting piano . Also, 
there is included a case in which the first electrode is formed in a curb 
configuration, the second electrode is formed in the plane configuration having a 
given area, and a part of the second electrode is overlapped with the first 
electrode in the normal Ime diroction ef the oamplo attracting piano . 

Also, there is included a case in which the first electrode is formed in the 
mesh configuration having a plurality of openings which are shaped in a circle, a 
triangle, a square, a rectangle, or a polygon more than a quadrangle in number of 
corners within a given area, the second electrode is formed in the plane 
configuration having a given area, and a part of the second electrode is overlapped 
with the first electrode in the normal line diroction ^the s ample attracting piano . 
It is preferable that the size of the openings in the first electrode, corresponding to 
the length of a diameter of a circle and the length of a diagonal line of a 
quadrangle or a polygon, be set to be substantially equal to a distance to the 
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adjacent opening, or about 120% of the distance between the adjacent openings. 
The first electrode is formed in the mesh configuration having the openings of the 
above-mentioned size, thereby making it possible to appropriately increase the 
contribution of an electric field fi-om the second electrode. It is preferable that the 
specific size of each of the openings be 0.1 to 3.0 mm fi:om the viewpoint of 
exercising the sufficient gradient force. In addition, it is preferable that the 
openings uniformly exist within the given area of the first electrode. 
[0018] Further, there is included a case in which the first electrode is formed in a 
ring configuration having a given width, the second electrode is formed in a plane 
configuration having a given circular area, and a part of the second electrode is 
overlapped with the first electrode m the normal Mae direction Bi the sample 
attracting piano . Still further, there is included a case in which the first electrode 
centers on a circular portion having a given circular area, has a first annular 
portion that is concentrically disposed at a given interval from the circular 
portion, and has a first connection portion that connects the circular portion and 
the first annular portion, and the second electrode is formed in an annular 
configuration having a width smaller than an interval between the circular 
portion and the first annular portion of the first electrode, and is disposed 
between the circular portion and the first annular portion of the first electrode 
when viewed in the depth normal li»e direction of the sample attracting plane. 
Yet further, there is included a case in which the first electrode centers on a 
circular portion having a given circular area, has a first annular portion that is 
concentrically disposed at a given interval fi-om the circular portion, and has a 
first connection portion that connects the circular portion and the first annular 
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portion, and the second electrode is formed in an annular configuration having a 
width same as an interval between the circular portion and the first annular 
portion of the first electrode, and is disposed between the circular portion and the 
first annular portion of the first electrode when viewed in the depth normal line 
direction of the sample attracting plane. As described above, in the case where 
the first electrode has the circular portion, there is included a case in which the 
first annular portion, and the first connection portion, and the second electrode is 
annularly formed, it is possible that each of the first electrode and the second 
electrode has a plvirality of concentric annular portions. Furthermore, the first 
electrode has two or more first annular portions that are concentrically arranged 
at a given interval, the second electrode has two or more second annular portions 
that are concentrically arranged at a given interval and the second connection 
portion connects between the second annular portions, and the respective second 
annular portions of the second electrode are disposed between the respective first 
annular portions of the first electrode when being viewed in the dep th normcd line 
direction of the sample attracting plane. 

[0019] In addition, it is possible that the first electrode and the second electrode 
are formed in any configurations described above, respectively, and the first 
electrode and the second electrode are combined together, and a part of the second 
electrode is overlapped with the first electrode when viewed in the depth normal 
ime direction of the sample attracting plane. 

[0020] In the first electrode and the second electrode according to the present 
invention, for example, voltages that are different in polarity firom each other are 
applied to those electrodes, or one electrode is grounded, and the remaining 
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electrode is set to a positive electrode or a negative electrode, thereby developing a 
potential difference. The first electrode may be formed of one or more electrodes, 
and the second electrode may be also formed of one or more electrodes. 
[0021] In the present invention, it is preferable that both of areas that are 
occupied by the respective outer peripheral configurations of the first electrode 
and the second electrode occupy an area that extends from the center portion of 
the sample attracting plane to the peripheral portion from the viewpoint of the 
uniformity of the attracting performance exerted on the sample which is held on 
the sample attracting plane. In other words, it is preferable that the outer 
peripheral configuration of the first electrode and the outer peripheral 
configuration of the ^econd electrode be substantially overlapped with each other 
when in the normal line direction ef the sample attracting plane is viewed in the 
depth direction . It is more preferable that the outer peripheral configuration of 
the first electrode, the outer peripheral configuration of the second electrode, and 
the outer peripheral configuration of the sample that is held on the sample 
attracting plane be substantially overlapped with each othe r when with rospoct te 
the normal line direction ef the sample attracting plane is viewed in the depth 
direction . 

Also, it is preferable that the area of the second electrode which is not 
overlapped with the first electrode when in the normal line diroction ef the 
sample attracting plane is viewed in the depth direction uniformly exist in an 
area that extends from the center portion of the sample attracting plane to the 
peripheral portion. It is more preferable that an area in which the area that is 
not overlapped exist uniformly in an area that is occupied by the sample that is 
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attracted by the sample attracting plane. 

[0022] On the other hand, it is preferable that an area in which the first electrode 
and the second electrode is overlapped with each other_when with roopoct to the 
normal liaae direction ef the sample attracting plane is viewed in the depth 
direction be reduced from the viewpoint of being capable of reducing the 
capacitance of the electrostatic chuck. It is more preferable that the second 
electrode should not be overlapped with the first electrode when in the normcd 
line direction ei the sample attracting plane is viewed in the depth direction . 
When the capacitance of the electrostatic chuck can be reduced, it is possible to 
eliminate the difficulty of dismounting the sample from the sample attracting 
plane after a voltage has been applied to both of those electrodes as much as 
possible. 

[0023] In the present invention, it is preferable that a distance between the first 
electrode and the second electrode in the interior of the insulating material be 1 to 
1000 iim, more preferably 50 to 500 pm. When the distance between the first 
electrode and the second electrode is smaller than 1 pm, for example, in the case 
where the first electrode, the interelectrode insulating layer, and the second 
electrode are formed of a laminated body that is commercially available, 
respectively, that is, in the case where a laminated body having a metal foil is 
used for both of front and back surfaces of the insulating film, it is difficult to 
commercially acqxiire an insulating film that is thinner than 1 pm by which the 
interelectrode insulating layer is formed. On the contrary, when the 
interelectrode distance is larger than 1000 pm, there is a possibility that the 
obtained bipolar electrostatic chuck suffers from a problem in the viewpoint of the 
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thermal conductivity. When the interelectrode distance is equal to or more than 
50 Jim, an insulating sheet made of poljdmide or the like that is commercially 
available is laminated by means of an adhesive agent to form the interelectrode 
insulating layer, thereby making it possible to readily form the necessary 
interelectrode distance. In addition, when the interelectrode distance is equal to 
or less than 500 jim, the thickness of a single insulating sheet that is 
commercially available is set to be thicker to form the interelectrode insulating 
layer, thereby making it possible to readily form the necessary interelectrode 
distance. Also, the obtained electrostatic chuck is capable of exercising the 
necessary attracting performance by the low voltage operation of about several 
kilovolts. It should be noted that the interelectrode distance means the straight 
shortest distance between the first electrode and the second electrode. 
[0024] Also in the present invention, in the case where the first electrode is formed 
in the band-like comb teeth configuration, when the width of the band-like portion 
of the band-like comb teeth (hereinafter refer to also as "band-like electrode 
width") is set to be equal to the interval between the adjacent band-like portions 
(hereinafter referred to also as "interelectrode gap"), assuming that band-like 
electrode width = interelectrode gap = z, it is preferable that z be in a range of 
0.15 to 0.5 mm, and more preferably 0.2 to 0.4 mm. The band-like electrode width 
and the interelectrode gap are made equal to each other and set in the above 
range, thereby making it possible to exercise the excellent attracting performance. 
[0025] The first electrode and the second electrode according to the present 
invention can be made of, for example, copper, tungsten, aluminum, nickel, 
chrome, silver, platinum, tin, molybdenum, magnesium, or palladium. It is 
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preferable that the first electrode and the second electrode be made of copper or 
aluminum fi-om the viewpoint of the electric conductivity or the productivity. 
Also, the first electrode and the second electrode may be made of the same 
material or may be made of materials different from each other. 

Then, it is possible that the first electrode and the second electrode are 
formed of a laminated body having a metal foil on both of the firont and rear 
surfaces of the insulating film which is commercially available. Alternatively, it 
is possible that an electrode surface made of the above-mentioned metal is formed 
on the upper surface or the lower surface of the interelectrode insulating layer, or 
on the respective one surfaces of an upper insulating layer and a lower insulating 
layer which will be described later, by the normal sputtering method, and the 
formed electrode surfaces are then formed in a given configuration by the normal 
etching method, respectively. Also, it is possible that one or more metals selected 
from the group consisting of copper, tungsten, aluminum, nickel, chrome, silver, 
platinum, tin, molybdenum, magnesium, and palladium is pasted and subjected to 
a printing process. Further, it is possible to form the metal films on the surfaces 
of the interelectrode insulating layer, or the surfaces of the upper insulating layer 
and the lower insulating layer which will be described later by means of a method 
of etching the metal films in a given pattern after the metal films have been 
formed through a process using the ion plating vapor deposition method, a plating 
process, or a chemical vapor deposition method, or a method of thermally spraying 
a high melting point metal such as molybdenum, tungsten, or tantalum. 
[0026] It is preferable that the respective thicknesses of the first electrode and the 
second electrode be 0.2 to 30 nm, more preferably 1 to 30 pm in the case of using 
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the laminated body having a metal foil on both of front and rear surfaces of the 
insulating film. When the thicknesses of the first electrode and the second 
electrode are smaller than 0.2 jim, pin holes or the like are liable to be produced 
in the electrodes, and it is difficult to manufacture the electrodes technically. On 
the contrary, when the thicknesses of the first electrode and the second electrode 
are larger than 30 pm, gaps that are attributable to the voids and the like are 
produced in the vicinity of the electrodes in the interior of the insulating material, 
thereby inducing a problem of the strength as an insulating material. Also, when 
the thicknesses of the first electrode and the second electrode are equal to or 
larger than 1 pm, it is possible to form the electrodes that are high in the 
reliabiUty over the entire area, particularly even if the large size electrostatic 
chuck is formed. 

In the case of forming the metal films by thermally spraying a given metal 
such as molybdenum, tungsten, or tantalum, it is preferable that the thickness of 
the first electrode be set to 20 to 100 pm, more preferably 20 to 30 pm. Also, it is 
preferable that the thickness of the second electrode be set to 20 to 100 pm, more 
preferably 20 to 30 pm. When both of those electrodes are smaller in thickness 
than 20 pm, voids are produced, and the metal films are difficult to function as 
the electrically conductive film. 

Even in the case where the first electrode and the second electrode are 
formed by other methods, the thicknesses of the first electrode and the second 
electrode can be set to, for example, about 1 to 30 pm. 

[0027] In the present invention, the cross-sectional configuration of a part or all of 
the first electrode taken along the depth normeJ line direction of the sample 
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attracting plane is not particularly limited. For example, the configuration of the 
first electrode can be selected firom a rectangle, a square, a circle, a triangle, a 
quadrangle, or a polygon more than the quadrangle in number of corners. Also, 
the same as the first electrode is applicable to the cross-sectional configuration of 
a part or all of second electrode of the present invention which is taken along the 
depth normal feae direction of the sample attracting plane. The cross- sectional 
configurations of parts or all of first electrode and second electrode may be 
identical with each other, or may be different from each other. 
[0028] In the interelectrode insulating layer according to the present invention, 
the first electrode and the second electrode can be made apart firom each other so 
as to be out of contact with each other in the interior of the insulating material, 
and the first electrode and the second electrode need to be electrically insulated 
fi:om each other. The interelectrode insulating layer may be formed of, for 
example, a resin layer made of one or more resins selected from the group 
consisting of polyimide, polyamide-imide, polyester, polyethylene terephthalate, 
epoxy, and acryl. Also, the interelectrode insulating layer may be formed of a 
ceramic layer made of one or more elements selected from the group consisting of 
aluminum oxide, aluminum nitride, sihcon carbide, silicon nitride, zirconia, and 
titania. Further, the interelectrode insulating layer may be formed of a ceramic 
layer made of one or more elements selected from the group consisting of silicon 
and silicon dioxide. It is preferable that the interelectrode insulating layer may 
be formed of a resin layer made of one or more resins selected fi:om the group 
consisting of polyimide, polyamide-imide, polyester, polyethylene terephthalate, 
and epoxy firom the viewpoint of the productivity. It is more preferable that the 
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interelectrode insulating layer may be made of polyimide from the viewpoint of 
dielectric breakdown strength or chemical resistance. 

[0029] It is preferable that the resin layer be formed of one or more resin films. As 
the resin film of this type, there are specifically Kapton (trade name made by Du 
Pont-Toray Co., Ltd.), Upilex AD sheet (trade name made by Ube Industries, 
Ltd.), and Apical (trade name made by Kaneka Corp.). It is more preferable that 
the resin film be made of Kapton containing polyimide. When the resin film is 
used for the resin layer that forms the interelectrode insulating layers, there can 
be acquired the electrostatic chuck that is capable of forming the interelectrode 
insulating layer with a high reUability which eliminates the problem that voids 
exist between the first electrode and the second electrode as much as possible, and 
excellent in the dielectric breakdown strength. For example, the dielectric 
breakdown strength field intensity of Kapton (trade name made by Du Pont-Toray 
Co., Ltd.) is 160 MV/m, and the electrostatic chuck of the present invention 
having the Kapton as the interelectrode insulating layer is capable of exercising 
the excellent dielectric breakdown strength. 

[0030] The thickness of the resin layer depends on the material to be used, and in 
the case where the resin layer is formed of, for example, a polyimide film, it is 
preferable that the thickness of the resin layer be 1 to 1000 jim, more preferably 
50 to 500 iim. When the thickness of the interelectrode insulating layer is smaller 
than 1 iim, for example, in the case where the first electrode, the interelectrode 
insulating layer, and the second electrode are formed of a laminated body that is 
commercially available, respectively, that is, in the case where those members are 
formed of a laminated body having a metal foil on both of the fi-ont and back 
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surfaces of the insulating film, respectively, it is difficult to commercially acqviire 
the insulating film that is smaller than 1 iim, which constitutes the interelectrode 
insulating layer. On the contrary, when the thickness of the interelectrode is 
larger than 1000 iim, the obtained bipolar electrostatic chuck shows poor 
performance in the viewpoint of the thermal conductivity. Further, when the 
thickness of the interelectrode insulating layer is equal to or more than 50 jim, it 
is possible to form the bipolar electrostatic chuck by laminating insulating sheets 
made of polyimide which is commercially available with an adhesive agent. Also, 
when the thickness of the interelectrode insulating layer is equal to or less than 
500 iim, it is possible to manufacture the bipolar electrostatic chuck by setting the 
thickness of a single insulating sheet that is commercially available to be thick, 
and the obtained electrostatic chuck is capable of exercising the necessary 
attracting performance by the low voltage operation of about several kilovolts. 
[0031] In the case where the interelectrode insulating layer is formed of a ceramic 
layer, the ceramic layer can be formed by thermally spraying an elementary 
substance or a complex which consists of aluminum oxide, aluminum nitride, 
silicon carbide, carbon nitride, zirconia, yttria, magnesia, or titania due to 
atmospheric air or plasma. Also, it is possible to form the ceramic layer with the 
use of a sintered ceramic thin sheet. 

In forming the ceramic layer by thermal spraying, the thickness of the 
interelectrode insulating layer can be set in a range of about 30 to 500 pm 
through a general thermal spraying technique, and can be increased up to the 
thickness of about 3 mm at the maximum as occasion demands. When the sheet 
thickness is smaller than 30 pm, it is difficult to form an even layer. On the 
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contrary, when the sheet thickness is larger than 500 pm, the gradient force 
becomes smaller. Also, it is preferable that the ceramic layer be formed with a 
material of 99.99% or higher in the degree of purity by thermal spray for the 
purpose of reducing an influence of contamination on a sample or a device due to 
a wear during operation of a semiconductor device manufacturing as much as 
possible or from the viewpoint that the ceramic layer is excellent in electrical 
insulation. Also, it is preferable to use a material that is high in heat conductance 
such as aluminum nitride from the viewpoint of efficiently cooling the sample that 
is held on the sample attracting plane. 

In the case of forming the ceramic layer due to thermal spray, it is 
preferable to flatten an upper surface of the ceramic layer that has been subjected 
to thermal spray through a machining process. The flatness at this time is 
important from the positional relationship of the electrodes in the interior of the 
insulating material. It is preferable that the surface roughness Ra be set to about 
5 to 50 iim, more preferably to be equal to or lower than 10 jim, from the 
viewpoint that the formation of an electric field is evened so that the attracting 
performance due to the gradient force is evened on the sample attracting plane. 
[0032] On the other hand, in the case where the interelectrode insulating layer is 
formed of the sintered ceramic thin film, although the thickness can be arbitrarily 
designed, it is preferable that the thickness be set in a range of 30 to 500 pm. 
When the thickness is smaller than 30 pm, it is difficult to form an even layer 
whereas when the thickness is larger than 500 pm, the gradient force becomes 
smaller. Also, a material to be used is the same as that in the case of thermal 
spray. 
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[0033] Also, in the case where the interelectrode insulating layer is formed of a 
layer made of one or two selected from silicon and silicon dioxide, it is possible to 
form the interelectrode insulating layer that is 1 to 50 jim in thickness, for 
example, by a CVD or a sputtering method. 

[0034] Also, the insulating material according to the present invention needs to 
have the first electrode, the interelectrode insulating layer, and the second 
electrode in the order of distance from the sample attracting plane in the depth 
direction. It is preferable that the insulating material have the upper insulating 
layer, the first electrode, the interelectrode insulating layer, the second electrode, 
and the lower insulating layer in the order of distance from the sample attracting 
plane in the depth direction of the insulating material. In this example, the upper 
and lower direction indicated by the upper insulating layer and the lower 
insulating layer means that a side closer to the sample attracting plane is at an 
upper side whereas a side farther to the sample attracting plane is at a lower side 
when the sample attracting plane side of the surfaces of the insulating material is 
defined as upper. 

[0035] The upper insulating layer can be formed of a resin layer made of one or 
more kinds of resins selected from the group consisting of polyimide having a 
thermoplastic polyimide on a lower surface, polyamide, polyester, polyethylene 
terephthalate, and epoxy. Also, the upper insulating layer can be formed of a 
ceramic layer made of one or more kinds selected from the group consisting of 
aluminum oxide, aluminum nitride, silicon carbide, silicon nitride, zirconia, 
yttria, magnesia, and titania. It is preferable that the upper insulating layer be 
made of polyimide having the thermoplastic polyimide on the lower surface from 
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the viewpoints of the productivity and the insulation property. 

Also, the lower insulating layer is made of the same material as that of the 
upper insulating layer including polyimide having the thermoplastic polyimide on 
the upper surface. It is preferable that the lower insulating layer be made of 
polyimide having the thermoplastic polyimide on the upper surface from the 
viewpoints of the productivity and the insulation performance. 
[0036] In the case where the upper insulating layer is formed of the resin layer, it 
is preferable that the thickness of the upper insulating layer be set to 10 to 200 
pm, more preferably 50 to 100 pm. When the thickness of the upper insulating 
layer is smaller than 50 pm, the durability of the film is adversely affected 
whereas when the thickness of the upper insulating layer is larger than 100 pm, 
the gradient force becomes smaller. Also, it is preferable that the thickness of the 
lower insulating layer that is formed of the resin layer be equal to or more than 10 
pm, more preferably, equal to or more than 50 pm. When the thickness of the 
upper insulating layer is smaller than 50 pm, there may arise a problem of 
weakning of the dielectric breakdown strength or an increase in the capacitance. 
On the contrary, when the thickness of the upper insulating layer is larger than 
200 pm, the heat conduction from the target to be attracted to the base becomes 
insufficient, that is, the cooling of the target to be attracted becomes insufficient. 
[0037] On the other hand, in the case where each of or one of the upper insulating 
layer and the lower insvilating layer is formed of the ceramic layer, the ceramic 
layer can be formed by thermally spraying a single substance or a compound 
which consists of materials such as aluminum oxide, aluminum nitride, silicon 
carbide, carbon nitride, zirconia, yttria, magnesia, or titania in the atmospheric 
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air or in a plasma environment as in the case of the interelectrode insulating 
layer. Also, it is possible to form the ceramic layer with the use of a sintered 
ceramic thin sheet. 

In forming the ceramic layer by thermal spraying, it is preferable that the 
thickness of the upper insulating layer be set to 10 to 200 jim for the same reason 
as that in the case of forming the upper insulating layer by the resin layer. 
Similarly, it is preferable that the thickness of the upper insulating layer be set to 
10 to 200 iim for the same reason. A material to be used and the flatness are 
identical with those in the case of the interelectrode insulating layer. 
[0038] In the case where each of or one of the upper insulating layer and the lower 
insulating layer is formed of a sintered ceramic thin sheet, the thickness of the 
upper insulating layer and the lower insulating layer can be arbitrarily designed. 
It is preferable that the thickness be set in a range of 10 to 200 iim for the same 
reason in the case of forming the upper or lower insulating layer by the above- 
mentioned resin layer or thermal spray. Also, a material to be used is identical 
with that in the case of thermal spray. 

In the case where at least any one of the upper insulating layer, the lower 
insulating layer, and the interelectrode insulating layer is formed of the ceramic 
thin sheet, a joining means is required. For example, an joining method using an 
epoxy adhesive agent or soldering may be used. Also, it is possible that the 
ceramic thin sheet is kept at a high temperature, and the ceramic thin sheet is 
press-fitted in a vacuum furnace and joined together. 

[0039] Also, in the present invention, it is possible that an electrically conductive 
layer is further formed on the surface of the insulating material, and the surface 

24 



of the electrically conductive layer serves as the sample attracting plane. An 
electrically conductive layer is further formed on the surface of the insulating 
material, and the surface of the electrically conductive layer serves as the sample 
attracting plane, thereby making it possible to reduce the time constant of the 
electrostatic chuck. As a result, it is possible to eUminate the difficulty of 
dismounting the sample from the sample attracting plane as much as possible 
after turning off the voltage that has been applied to both of the electrodes of the 
bipolar electrode. The electrically conductive layer of this type can be formed by, 
for example, laminating an electrically conductive polyimide sheet or an 
electrically conductive fluoride resin on the surface of the insulating material, or 
mixing a filler such as carbon with the electrically conductive layer in order to 
provide the insulating material per se with the electrically conductive property. 
Thus, the electrostatic chuck can be formed. 

[0040] As a method of manufacturing the bipolar electrostatic chuck according to 
the present invention, for example, the first electrode and the second electrode are 
first formed on both surfaces of the upper surface and the lower surface of the 
interelectrode insulating layer by the above-mentioned method. The polyimide 
film having the thermoplastic polyimide film on the lower surface is laminated on 
the interelectrode insulating layer having the first electrode and the second 
electrode, and then subjected to low-temperature thermal press molding under 
the conditions in which a treatment temperature is 100 to 250^*0 and a pressure is 
0.1 to 5 MPa, to thereby form the upper insulating layer. In addition, it is 
possible that the upper insulating layer, the first electrode, the interelectrode 
insulating layer, and the second electrode which are integrated together are 
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laminated on the polyimide film having the thermoplastic polyimide film on the 
upper surface, and then subjected to the low temperature thermal compression 
molding as in the above manner, to thereby form the insulating material. Also, it 
is possible that the polyimide film having the thermoplastic polyimide film on the 
lower siirface as the upper insulating layer, the interelectrode insulating layer 
having the first electrode and the second electrode formed on both of the upper 
and lower surfaces, and the polyimide film having the thermoplastic polyimide 
film on the upper surface as the lower insulating layer are sequentially laminated 
on each other, and then subjected to the low temperature thermal press molding 
under the conditions in which the treatment temperatxire is 100 to 250**C and the 
pressure is 0.1 to 5 MPa, to thereby form the insulating material. Then, the 
insulating material is mounted on a metal base made of aluminum, aluminum 
alloy, metal matrix composite (MMC), stainless steel, or stainless alloy or on a 
ceramics substrate made of a ceramic material such as alumina or aluminum 
nitride, through the thermoplastic polyimide film or the epoxy thermal press 
bonding sheet, and then subjected to the low temperature thermal press molding 
under the conditions in which the treatment temperature is 100 to 250°C and the 
pressure is 0.1 to 5 MPa, thereby being capable of completing the electrostatic 
chuck. 

Alternatively, there is used a laminated body having a metal foil on both of 
the fi-ont and back surfaces including the polyimide sheet having a copper firont 
surface layer such as Upicel N (trade name manufactured by Ube Industries, 
Ltd.) or NEOFLEX (trade name manufactured by Mitsui Chemicals, Inc.), each of 
which is a polyimide copper laminate and commercially available. Then, the 
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metal foil is etched in a given electrode pattern to form the first electrode, the 
interelectrode insulating layer, and the second electrode. Then, the upper 
insulating layer and the lower insulating layer are stuck onto the insulating 
material as in the above-mentioned manner. Further, the insulating material is 
stuck onto the metal base as in the above-mentioned manner to complete the 
electrostatic chuck. Also, the electrostatic chuck may be formed with an 
electrically conductive layer through the above-mentioned method. 

Effects of the Invention 

[0041] The bipolar electrostatic chuck according to the present invention is 
structured to have the first electrode, the interelectrode insulating layer, and the 
second electrode in the order of distance from the sample attracting plane in the 
depth direction of the insulating material. With the above structure, the bipolar 
electrostatic chuck according to the present invention is excellent in electrical 
insulation, and is capable of shortening the distance between the first electrode 
and the second electrode as much as possible, thereby exercising the excellent 
attracting performance. As a result, the bipolar electrostatic chuck according to 
the present invention is excellent in the flatness of the held sample, and exercises 
the sufficient attracting performance with respect to a glass substrate that 
exceeds 1 m x 1 m so as to accept the recent large size glass substrate, a silicon 
wafer that is equal to or more than 300 mm in diameter, or the like. Also, the 
bipolar electrostatic chuck according to the present invention is capable of 
exercising the excellent attracting performance. As a result, the bipolar 
electrostatic chuck according to the present invention is capable of conducting in 
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the low voltage operation, is advantageous in the economical viewpoint, 
eliminates the discharge problem as much as possible, and is high in the 
reliabiUty. 

In addition, the bipolar electrostatic chuck according to the present 
invention reduces an area in which the first electrode and the second electrode are 
overlapped with each other when ia the normal liae diroction ef the sample 
attracting plane is viewed in the depth direction as much as possible, thereby 
making it possible to reduce the capacitance of the electrostatic chuck, and also 
making it possible to eliminate the dif&culty of dismounting the sample from the 
sample attracting plane after turning off the voltage that has been applied to both 
of the electrodes. Further, in the case where an electrically conductive layer is 
formed on the surface of the insulating material, and the surface of the 
electrically conductive layer serves as the sample attracting plane, the bipolar 
electrostatic chuck according to the present invention is capable of reducing the 
time constant of the electrostatic chuck regardless of the area in which the first 
electrode and the second electrode are overlapped with each other in the normal 
line direction of the sample attracting plane. The bipolar electrostatic chuck 
according to the present invention is also capable of eliminating the difficulty of 
dismounting the sample from the sample attracting plane after a voltage has been 
applied to both of the electrodes. 

Brief Description of the Drawings 

[0042] [Fig. l] Fig. 1 is an explanatory exploded perspective view showing a 
bipolar electrostatic chuck X according to a first embodiment of the present 
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invention. 

[Fig. 2] Fig. 2 is an explanatory cross-sectional view (corresponding to a 
part of a section A-A of Fig. l) showing the bipolar electrostatic chuck X according 
to the first embodiment. 

[Fig. 3] Fig. 3 is an explanatory partial plan view showing a first electrode 
and a second electrode of the bipolar electrostatic chuck X, viewed in a depth 
normal liae direction of the sample attracting plane according to the first 
embodiment. 

[Fig. 4] Fig. 4 is an explanatory cross-sectional view showing a bipolar 
electrostatic chuck X according to a second embodiment of the present invention. 

[Fig. 5] Fig. 5 is an explanatory partial plan view showing a first electrode 
and a second electrode of the bipolar electrostatic chuck X, viewed in a depth 
normal liee direction of the sample attracting plane according to the second 
embodiment. 

[Fig. 6] Fig. 6 is an explanatory exploded perspective view showing a 
bipolar electrostatic chuck X according to a third embodiment of the present 
invention. 

[Fig. 7] Fig. 7 is an explanatory cross-sectional view (corresponding to a 
part of a section A-A of Fig. 6) showing the bipolar electrostatic chuck X according 
to the third embodiment. 

[Fig. 8] Fig. 8 is an explanatory partial plan view showing a first electrode 
and a second electrode of the bipolar electrostatic chuck X, viewed in a depth 
normal Ime direction of the sample attracting plane according to the third 
embodiment. 
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[Fig. 9] Fig. 9 is an explanatory exploded perspective view showing a 
bipolar electrostatic chuck X according to a fourth embodiment of the present 
invention. 

[Fig. 10] Fig. 10 is an explanatory partial plan view showing a first 
electrode and a second electrode of the bipolar electrostatic chuck X, viewed in a 
depth normal line direction of the sample attracting plane according to the fourth 
embodiment. 

[Fig. 11] Fig. 11 is an explanatory exploded perspective view showing a 
bipolar electrostatic chuck X according to a fifth embodiment of the present 
invention. 

[Fig. 12] Fig. 12 is an explanatory partial plan view showing a first 
electrode and a second electrode of the bipolar electrostatic chuck X, viewed in a 
depth normal tine direction of the sample attracting plane according to the fifth 
embodiment. 

[Fig. 13] Fig. 13 is an explanatory partial plan view showing a first 
electrode and a second electrode of the bipolar electrostatic chuck X, viewed in a 
depth normal line direction of the sample attracting plane according to a sixth 
embodiment of the present invention. 

[Fig. 14] Fig. 14 is an explanatory exploded perspective view showing a 
bipolar electrostatic chuck X according to a seventh embodiment of the present 
invention. 

[Fig. 15] Fig. 15 is an explanatory partial plan view showing a first 
electrode of a bipolar electrostatic chuck X according to an eighth embodiment of 
the present invention. 
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[Fig. 16] Fig. 16 is an explanatory partial plan view showing a first 
electrode of a bipolar electrostatic chuck X according to a ninth embodiment of the 
present invention. 

[Fig. 17] Fig. 17 is an explanatory partially cross-sectional view showing a 
bipolar electrostatic chuck X according to a tenth embodiment of the present 
invention. 

[Fig. 18] Fig. 18 is an explanatory partially cross-sectional view showing an 
interelectrode insulating layer and a first electrode of a bipolar electrostatic chuck 
X according to an eleventh embodiment of the present invention. 

[Fig. 19] Fig. 19 is an explanatory plan view showing a first electrode and a 
second electrode in a first reference example. 

[Fig. 20] Fig. 20 shows the results of finding the distribution of a gradient 
force of the bipolar electrostatic chuck according to the first reference example by 
two-dimensional electric field calculation. 

[Fig. 21] Fig. 21 shows the results of finding a distribution chart of a 
potential contour of the bipolar electrostatic chuck according to the first reference 
example by two-dimensional electric field calculation. 

[Fig. 22] Fig. 22 shows the results of finding the distribution of a gradient 
force of the bipolar electrostatic chuck according to the first embodiment of the 
present invention by two-dimensional electric field calculation. 

[Fig. 23] Fig. 23 shows the results of finding a distribution chart of a 
potential contour of the bipolar electrostatic chuck according to the first 
embodiment through two-dimensional electric field calculation. 

[Fig. 24] Fig. 24 shows the results of finding the distribution of a gradient 
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force of the bipolar electrostatic chuck according to the third embodiment of the 
present invention by two-dimensional electric field calcxilation. 

[Fig. 25] Fig. 25 shows the results of finding a distribution chart of a 
potential contour of the bipolar electrostatic chuck according to the third 
embodiment through two-dimensional electric field calculation. 

[Fig. 26] Fig. 26 is a graph showing a time constant in the case where the 
volume resistivity of the upper insulating layer is changed with the bipolar 
electrostatic chuck of the first reference example as a model. 

[Fig. 27] Fig. 27 is a graph showing the optimization of a band-Uke 
electrode width, i.e., gap between the electrodes, of an attracting performance. 

[Fig. 28] Fig. 28 is an explanatory cross-sectional view showing a 
conventional bipolar electrostatic chuck. 

Description of the Symbols 

[0043] Reference symbol X is a bipolar electrostatic chuck; reference numerals 1 
and 11 are upper insulating layers; 2, 12, 22, 32, 42, 52, and 62 are first 
electrodes; 2a is a band-like portion; 2b is a root portion; 12a is a gap portion; 22a 
is a circular portion, 22b is an annular portion; 22c is a connection portion; 32a 
and 42a are opening portions; 3, 13, and 23 are interelectrode insulating layers; 4, 
14, 24, 34, 44, 54, and 64 are second electrodes; 4a and 14a are band like portions; 
4b and 14b are root portions; 34a and 44a are center rings; 34b and 44b are 
annular portions; 34c and 44c are connection portions; 5 and 15 are lower 
insulating layers; 6 is a metal base; 7 is a sample attracting plane; 8 is a glass 
substrate; 9 is an insulating material; and 10 is a DC power source. 

32 



Best Modes for carrying out the Invention 

[0044] Hereinafter, a description will be given in more detail of preferred 
embodiment modes of the present invention with reference to the accompanying 
drawings. Note that a bipolar electrostatic chuck according to the present 
invention is not limited to the following embodiments. 
First Embodiment 

[0045] Fig. 1 shows an explanatory exploded perspective view of a bipolar 

electrostatic chuck X according to a first embodiment of the present invention. 
The bipolar electrostatic chuck X includes an upper insulating layer 1 that is 
formed of a polyimide film having a thermoplastic polyimide film on a lower 
surface thereof which is 100 mm in height x 100 mm in width, 50 pm in thickness, 
and a dielectric constant e = 3.5, a first electrode 2 made of copper which is 3 pm 
in thickness, and an interelectrode insulating layer 3 that is formed of a polyimide 
film which is 100 mm in height x 100 mm in width, 50 pm in thickness, and a 
dielectric constant e = 3.5. The bipolar electrostatic chuck X also includes a 
second electrode 4 made of copper that is 3 pm in thickness, a lower insulating 
layer 5 that is formed of a polyimide film having a thermoplastic polyimide film 
on an upper surface thereof which is 100 mm in height x 100 mm in width, 50 pm 
in thickness, and a dielectric constant e = 3.5, and a metal base 6 made of 
aluminum which is 100 mm in height x 100 mm in width x 10 mm in thickness. 
Also, the bipolar electrostatic chuck X has a glass substrate 8 that is 100 mm in 
height X 100 mm in width x 0.2 mm in thickness, and a dielectric constant e = 5.5 
attracted and held on the sample attracting plane 7 which is an upper surface of 
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the upper insulating layer 1. 

[0046] The bipolar electrostatic chuck X according to the first embodiment is 
formed as follows. First, with the use of NEOFLEX (trade name manufactured by 
Mitsui Chemicals, Inc.) of a polyimide copper laminated sheet having copper 
surface layers on both of upper and lower surfaces thereof (both of front and rear 
surfaces), the resist pattern of a given electrode is formed on the both of the upper 
and lower surfaces by serigraph. Then, the product is etched by using a caustic 
agent which is made of ferric chloride. In this manner, there are formed the first 
electrode 2 of band-Uke comb teeth having an area which is 80 mm in height x 
and 80 mm in width, the interelectrode insulating layer 3 (polyimide film), and 
the second electrode 4 of the band-like comb teeth having an area which is 80 mm 
in height x 80 mm in width. 

Subsequently, the polyimide film having the thermoplastic polyimide film 
on the lower surface thereof which forms the upper insulating layer 1, the first 
electrode 2, the polyimide film (interelectrode insulating layer 3), the second 
electrode 4, and the polyimide film having the thermoplastic polyimide film on the 
upper surface thereof which forms the lower insulating layer 5 are sequentially 
laminated on each other in the stated order, and then are subjected to the low 
temperature thermal press molding under the conditions where the treatment 
temperature is 150°C and the pressure is 2 MPa, to thereby form the insulating 
material 9. Then, the insulating material 9 is subjected to the low temperature 
thermal press bonding process under the same conditions as those described 
above through the thermoplastic polyimide film (not shown) to be fixed to the 
metal base 6, thereby completing the bipolar electrostatic chuck X. 
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The bipolar electrostatic chuck X is connected to a DC power supply 10 in 
such a manner that the first electrode 2 side is a negative electrode while the 
second electrode is a positive electrode. Also, the metal base 6 functions as a 
ground electrode. A voltage that is applied to the electrodes exercises the same 
attracting effect as that described above even if the first electrode 2 side is the 
positive electrode and the second electrode 4 side is the negative electrode. Also, 
it is possible that any one of the first electrode 2 and the second electrode 4 is set 
to 0 V (GND), and the remaining electrode is set to a positive electrode or a 
negative electrode to develop a potential difference between the respective 
electrodes. 

[0047] Fig. 2 shows an explanatory cross-sectional view (a part of a cross-section 
A-A of Fig. l) of the bipolar electrostatic chuck X according to the first 
embodiment. Fig. 3 shows an explanatory partial plan view of the first electrode 
2 and the second electrode 4 of the bipolar electrostatic chuck X according to the 
first embodiment, viewed in a depth normal Ubb direction of the sample attracting 
plane. Note that reference symbol "z" shown in Fig. 2 denotes the band-like 
electrode width and the gap between the electrodes which will be described in the 
following fifth test example. 

As described above, the first electrode 2 is formed in the shape of the band- 
like comb teeth, the second electrode 4 is also formed in the shape of the band-like 
comb teeth, and those two band-like comb teeth are alternately arranged in such 
a manner that the first electrode 2 and the second electrode 4 are overlapped in a 
line with each other when m the normal Ime direction ef the sample attracting 
plane 7 is viewed in the depth direction . The band-line portions 2a of the first 
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electrode 2 which is formed in the shape of the band-like comb teeth are 1 mm in 
electrode width and 3 jim in thickness, the band-Uke portions 2a are arranged at 
pitches of 1 mm, and are integrated with a root portion 2b that is 3 mm in 
electrode width and 3 pm in thickness, to thereby form the band-like comb teeth. 
Similarly, the band-line portions 4a of the second electrode 4 are 1 mm in 
electrode width and 3 pm in thickness, the band-like portions 4a are arranged at 
pitches of 1 mm, and are integrated with a root portion 4b that is 3 mm in 
electrode width and 3 pm in thickness, to thereby form the band-like comb teeth. 
Also, a distance Y between the first electrode 2 and the second electrode 4 is 50 
pm corresponding to a value of the thickness of the interelectrode insulating layer 
3. 

Incidentally, because the polyimide film that forms the interelectrode 
insulating layer 3 is 160 MV/m in dielectric breakdown strength, the bipolar 
electrostatic chuck X according to the first embodiment has a dielectric 
breakdown strength of 8 kV. 
Second Embodiment 

[0048] Fig. 4 shows an explanatory cross-sectional view of a bipolar electrostatic 
chuck X according to a second embodiment of the present invention. Fig. 5 shows 
an explanatory partial plan view of a first electrode 2 and a second electrode 14 of 
the bipolar electrostatic chuck X according to the second embodiment, viewed in a 
depth normal Ime direction of the sample attracting plane 7. 

In the bipolar electrostatic chuck X according to the second embodiment, an 
electrode width of the band-like portions 14a of the second electrode 14 is set to 
0.6 mm, and the band-like portions 14a of the second electrode 14 are arranged in 
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the center of gaps (l mm) which are formed between the respective band-like 
portions 2a of the first electrode 2. Band-like comb teeth of the first electrode 2 
and band-like comb teeth of the second electrode 14 are alternately arranged, and 
the first electrode 2 and the second electrode 14 are arranged when ia the normal 
line diroction of sample attracting plane 7 is viewed in the depth direction in 
such a manner that the leading edges of the respective band-like portions 2a and 
14a are overlapped in linear contact with respective root portions 2b and 14b (a 
distance between the band-like portions 2a of the first electrode 2 and the band- 
like portions 14a of the second electrode 14 is 0.2 mm when in tibe normal line 
direction of the sample attracting plane 7 is viewed in the depth direction) . The 
conditions other than the above conditions are set to be identical with those of the 
first embodiment, thereby completing the bipolar electrostatic chuck X according 
to the second embodiment. 
Third Embodiment 

[0049] Fig. 6 shows an explanatory exploded perspective view of a bipolar 
electrostatic chuck X according to a third embodiment of the present invention. 
Fig. 7 shows an explanatory cross-sectional view (a part of a cross-section A-A of 
Fig. 6) of the bipolar electrostatic chuck X according to the third embodiment. 
Fig. 8 shows an explanatory partial plan view of a first electrode 2 and a second 
electrode 24 of the bipolar electrostatic chuck X according to the third 
embodiment, viewed in a depth normal Ime direction of the sample attracting 
plane 7. In Fig. 8, a dotted area portion represents a portion in which the second 
electrode 24 is overlapped with the first electrode 2 when in the normal line 
diroction of the sample attracting plane 7 is viewed in the depth direction . 
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In the bipolar electrostatic chuck X according to the third embodiment, the 
conditions other than a condition in which the second electrode 24 is formed in a 
plane having a planar area that is 80 mm in height x 80 mm in width are set to be 
identical with those of the first embodiment, to thereby complete the bipolar 
electrostatic chuck X. 
Fourth Embodiment 

[0050] Fig. 9 shows an explanatory exploded perspective view of a bipolar 
electrostatic chuck X according to a fourth embodiment of the present invention. 
Fig. 10 shows an explanatory partial plan view of a first electrode 12 and a second 
electrode 24 of the bipolar electrostatic chuck X according to the fourth 
embodiment, viewed in a normal line direction of the sample attracting plane 7. 
Note that a dotted area portion shown in Fig. 10 represents a portion in which the 
second electrode 24 is overlapped with the first electrode 12 when m the normal 
line direction of the sample attracting plane 7 is viewed in the depth direction . 

In the bipolar electrostatic chuck X according to the fourth embodiment, 
the first electrode 12 is formed in a curb configuration where gap portions 12a 
that are 3 mm in height x 3 mm in width are arranged at pitches of 3 mm in 
height and width (electrode width 3 mm which forms the curb) in an area that is 
100 mm in height x 100 mm in width. The conditions other than the above 
conditions are set to be identical with those of the third embodiment, to thereby 
complete the bipolar electrostatic chuck X according to the fourth embodiment. 
Note that in the case where the first electrode 12 is formed in the curb 
configuration as described above, a potential supply is possible even if a part of 
the electrode is disconnected due to an external impact or the like. 
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Fifth Embodiment 

[0051] Fig. 11 shows an explanatory exploded perspective view of a bipolar 
electrostatic chuck X according to a fifth embodiment of the present invention. 
Fig. 12 shows an explanatory partial plan view of the vicinity of the center of a 
first electrode 22 and a second electrode 34 of the bipolar electrostatic chuck X 
according to the fifth embodiment, viewed in a depth normal line direction of the 
sample attracting plane 7. Note that a dark (blacked-out) portion shown in Fig. 
12 represents a portion in which the second electrode 34 is overlapped with the 
first electrode 22 when « the normal tine direction ef the sample attracting plane 
7 is viewed in the depth direction . 

The first electrode 22 according to the fifth embodiment centers on a 
circular portion 22a that is 2 mm in radius, and has a concentric annular portion 
22b in such a manner that the electric width is 3 mm, and an interval between 
the respective electrodes is 5 mm. The first electrode 22 also has a connection 
portion 22c that is 1 mm in electrode width and connects the circular portion 22a 
and the annular portion 22b to each other, and forms a concentric circular 
electrode that is 100 mm in radius as a whole. On the other hand, the second 
electrode 34 centers on a center ring 34a that is 3 mm in inner diameter and 6 
mm in outer diameter, and has a concentric annular portion 34b in such a manner 
that the electric width is 3 mm, and an interval between the respective electrodes 
is 5 mm. The second electrode 34 also has a connection portion 34c that is 1 mm 
in electrode width and connects the center ring 34a and the annular portion 34b 
to each other, and forms a concentric circular electrode that is 100 mm in radius 
as a whole. The conditions other than the above conditions are set to be identical 
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with those of the first embodiment, thereby completing the bipolar electrostatic 
chuck X according to the fifth embodiment. 

When the first electrode 22 and the second electrode 34 according to the 
fifth embodiment are viewed in the depth normal line direction of the sample 
attracting plane 7, both of the annular portions 22b and 34b have a distance d = 1 
mm, and the connection portion 34c of the second electrode 34 is arranged to be 
overlapped with the connection portion 22c of the first electrode 22 when in the 
normal line direction ef the sample attracting plane 7 is viewed in the depth 
direction . 

Sixth Embodiment 

[0052] Fig. 13 shows an explanatory partial plan view of a first electrode 22 and a 
second electrode 44 of a bipolar electrostatic chuck X according to a sixth 
embodiment of the present invention, viewed in a depth normal tme direction of 
the sample attracting plane 7. Note that a dark (blacked-out) portion shown in 
Fig. 13 represents a portion in which the second electrode 44 is overlapped with 
the first electrode 22 when in the normal line direction ef the sample attracting 
plane 7 is viewed in the depth direction . 

The second electrode 44 according to the sixth embodiment centers on a 
center ring 44a that is 2 mm in inner diameter and 7 mm in outer diameter, and 
has a concentric annular portion 44b in such a manner that the electric width is 5 
mm, and an interval between the respective electrodes is 3 mm. The second 
electrode 44 also has a connection portion 44c that connects the center ring 44a 
and the annular portion 44b to each other, and forms a concentric circular 
electrode that is 100 mm in radius as a whole. The conditions other than the 
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above conditions are set to be identical with those in the fifth embodiment, 
thereby completing the bipolar electrostatic chuck X according to the sixth 
embodiment. 

When the first electrode 22 and the second electrode 44 according to the 
sixth embodiment are viewed in the depth normal ime direction of the sample 
attracting plane 7, the annular portions 22b and 44b are overlapped in circular 
line, and the connection portion 44c of the second electrode 44 is arranged to be 
overlapped with the connection portion 22c of the first electrode 22 when m the 
normal Ime direction ef the sample attracting plane 7 is viewed in the depth 
direction . 

Seventh Embodiment 

[0053] Fig. 14 shows an explanatory exploded perspective view of a bipolar 
electrostatic chuck X according to a seventh embodiment of the present invention. 
A second electrode 54 according to the seventh embodiment is so formed as to 
have a circular area that is 100 mm in radius. The conditions other than the 
above conditions are set to be identical with those of the fifth embodiment, 
thereby completing the bipolar electrostatic chuck X according to the seventh 
embodiment. 
Eighth Embodiment 

[0054] Fig. 15 shows an explanatory partial plan view of a first electrode 32 of a 
bipolar electrostatic chuck X according to an eighth embodiment of the present 
invention. The first electrode 32 has a circular area that is 3 pm in thickness and 
300 mm in diameter, and circular openings 32a that are 0.6 mm in radius evenly 
exist in the circular area. Fig. 15 is an explanatory partial plan view showing a 
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state in the vicinity of the center of the circular area. When attention is paid to 
one opening 32a in the first electrode 32, six openings 32a exist around the 
subject opening 32a, and those sixth openings 32a are arranged to have respective 
centers thereof positioned at vertexes of regular hexagon. A distance R between 
the center of the central opening 32a and the center of the openings 32a that are 
positioned at the vertexes of the regular hexagon is 1.5 mm, and an interval r 
between the central opening 32a and the adjacent openings 32a is 0.3 mm. 

The conditions other than the above conditions are set to be identical with 
those of the third embodiment, thereby completing the bipolar electrostatic chuck 
X according to the eighth embodiment. When the openings 32a are thus formed 
in the circular configuration, the corners of the openings are relatively easily 
processed, thereby making it possible to form an even gradient force. 
Ninth Embodiment 

[0055] Fig. 16 shows an explanatory partial plan view of a first electrode 42 of a 
bipolar electrostatic chuck X according to a ninth embodiment of the present 
invention. The first electrode 42 has a circular area that is 3 pm in thickness and 
300 mm in diameter, and openings 42a of regular hexagons that are 0.6 mm in 
each side evenly exist in the circular area. Fig. 16 is an explanatory plan view 
showing a state in the vicinity of the center of the circular area. When attention 
is paid to one opening 42a in the first electrode 42, six openings 42a are arranged 
around the subject opening 42a in such a manner that the respective sides are in 
parallel to each other. A distance R between the center of the central opening 42a 
and the center of the adjacent openings 42a is 1.5 mm, and an interval r between 
the adjacent openings 42a is 0.3 mm. 
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The conditions other than the above conditions are set to be identical with 
those of the third embodiment, thereby completing the bipolar electrostatic chuck 
X according to the ninth embodiment. In the first electrode 42 having the regular 
hexagonal openings 42a as described above, because the line width of the 
electrode can be evenly formed, the more even attracting performance can be 
realized. 

Tenth Embodiment 

[0056] Fig. 17 shows an explanatory partially cross-sectional view of a bipolar 
electrostatic chuck X according to a tenth embodiment of the present invention. 
In the bipolar electrostatic chuck X, a lower insulating layer 15 that is formed of a 
ceramic layer which is 100 mm in height x 100 mm in width x 0.2 mm in sheet 
thickness is formed on a surface of a metal base 6 which is made of aluminum and 
is 100 mm in height x 100 mm in width x 10 mm in thickness, by means of plasma 
thermal spray using alumina. Then, the upper surface of the ceramic layer that 
is formed by thermal spray is flattened through a machining process such that the 
surface roughness Ra becomes 10 pm. 

Then, molybdenum is thermal-sprayed on the surface of the lower 
insulating layer 15 formed as described above to form a second electrode 64 that is 
100 mm in height x 100 mm in width x 50 ^m in film thickness. A metal to be 
used in this case is molybdenum as described above since it is necessary that the 
thermal expansion coefficient of the metal is set to be comparable with that of the 
ceramic material of the lower insulating layer 15 that has been formed by thermal 
spray as described above in order to suppress the thermal strain. 
[0057] Further, an interelectrode insulating layer 13 that is 100 mm in height x 
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100 mm in width x 0.1 mm in thickness is formed on the surface of the second 
electrode 64 formed as described above by the same means as that of the lower 
insulating layer 15. After the surface of the interelectrode insulating layer 13 has 
been flattened as in the case of the lower insulating layer 15, given masking is 
conducted on the surface of the interelectrode insulating layer 13 so as to provide 
the band-like comb teeth of the same configuration as that of the first electrode 2 
in the first embodiment, and molybdenum is thermal-sprayed on the surface of 
the interelectrode insulating layer 13 to form a first electrode 52 that is 50 ^im in 
thickness. In formation of the first electrode 52, molybdenum is used so that the 
thermal expansion coefficient of the first electrode 52 is set to be comparable with 
that of the interelectrode insulating layer 13 as in the case of the second electrode 
64. Then, alumina is thermal-sprayed onto the surface of the first electrode 52 in 
the same manner as that at the time of forming the lower insulating layer 15 and 
the interelectrode insulating layer 13, to thereby form an upper insulating layer 
11 that is 100 mm in height x 100 mm in width x 0.1 mm in thickness. After the 
surface of the upper insulating layer 11 has been polished, the entire surface of 
the sprayed layer is vacuum-impregnated with epoxy or silicon in order to seal the 
surface, and a machining process is conducted in such a manner that the flatness 
of the entire surface, particularly, a portion that forms the sample attracting 
plane 7 becomes a reference value or within a deviation which is required in the 
manufacture process in a range of 5 to 20 ^m in the surface roughness Ra. After 
that, an ultrasonic cleaning process is conducted on the product in an organic 
solvent and the electrostatic chuck X is completed. Note that a distance Y 
between the first electrode 52 and the second electrode 54 according to the tenth 
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embodiment is 0.1 mm. 

[0058] As described above, according to the electrostatic chuck with the insulating 
material, which has the first electrode, the second electrode, the interelectrode 
insulating layer, the upper insulating layer, and the lower insulating layer formed 
by ceramics sprajdng, even if the applied environments are severe such that 
particles frequently occur, the excellent performance in the resistance to the 
environments is exercised since the ceramics are high in abrasion resistance. 
Also, the above-mentioned electrostatic chuck is suitable for mass production 
since the electrostatic chuck can be relatively inexpensively manufactured. 
Eleventh Embodiment 

[0059] Fig. 18 shows an explanatory partially cross-sectional view of an 
interelectrode insulating layer 23 and a first electrode 62 in a bipolar electrostatic 
chuck X according to an eleventh embodiment of the present invention. A lower 
insulating layer 15 and a second electrode 64 are formed on a metal base 6 as in 
the tenth embodiment. Subsequently, a first electrode 62 is formed on an upper 
surface (sample attracting plane 7 side) of a ceramic thin film that is made of 
alumina and is 100 mm in height x 100 mm in width x 0.1 mm in thickness as an 
interelectrode insulating layer 23, as in the tenth embodiment. 

Then, the interelectrode insulating layer 23 is laminated on the upper 
surface (the upper surface of the second electrode 64) of the metal base 6, the 
lower insulating layer 15, and the second electrode 64 which have been integrated 
together, and is fixed onto the upper surface with an epoxy adhesive agent. Then, 
the upper insulating layer 11 is formed on the surface of the first electrode 62 as 
in the tenth embodiment. The machining process and the supersonic cleaning 
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process are conducted on the product in order to polish, seal, and flatten the 
surface of the upper insulating layer 11 as in the tenth embodiment, to thereby 
complete the electrostatic chuck X. 

The interelectrode insulating layer that requires most the electrical 
insulation is formed of the ceramic thin sheet as in the electrostatic chuck X 
according to this embodiment, to thereby improve the reliabiUty of the insulation 
between the electrodes, and to exercise the same electrical insulation as that in 
the case where the polyimide sheet is interposed between the electrodes in the 
present invention. 
[0060] [First Test Example] 

In the bipolar electrostatic chuck X according to the first embodiment and 
the third embodiment, a computation model is created for a two-dimensional 
electric field calculation, and an attracting performance (gradient force) per unit 
area is calculated through an energy variation method. A calculating condition is 
that a supply voltage is set to ±1500 V in both of the first and third embodiments. 
The results are shown in Table 1. 

Also, as a first reference example, there is created a computation model of a 
bipolar electrostatic chuck in which the first electrode 2 and the second electrode 
4 which are formed in the band-hke comb teeth are alternately arranged in one 
plane as shown in Fig. 19. In the first reference example, the first electrode 2 and 
the second electrode 4 are arranged to be adjacent to each other so that a pitch 
between the electrodes becomes 1 mm (the electrode width of the band-like 
portion in both of the first and second electrodes is 1 mm). Also, the first 
electrode 2 and the second electrode 4 are interposed between the iipper 
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insulating layer which is made of polyimide and the lower insulating layer which 
is made of polyimide, and potentials different in polarity are applied to the 
adjacent electrodes to provide the bipolar electrostatic chuck. The results are 
shown in Table 1. 
[0061] 



[Table l] 





Attracting performance 
(gfcmz) 


Capacitance 
(pF/cm2) 


First embodiment 


11.0 


100 


Third embodiment 


11.0 


650 


First reference example 


2.8 


170 



[0062] It is understood that the results of the first embodiment and the third 
embodiment are about four times as much as the attracting performance of the 
first reference example. Note that the value which is approximate to the result 
disclosed in the Non Patent Document 1 described above is calculated in the 
results of the first reference example, so it is presumed that the calculation 
results of the first test example is reliable also in other cases irrespective of the 
difference in samples (a glass substrate is used in the first reference example of 
the present invention, while a silicon wafer is used in the Non Patent Document 
1). 

[0063] [Second Test Example] 

The capacitances of the bipolar electrostatic chucks X of the first 
embodiment, the third embodiment, and the first reference example are 
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calculated through the same calculation as that of the first test example. It is 
presumed that the capacitance is in proportion to the residual attracting 
performance (the difficulty of dismounting the glass substrate 8 due to residual 
charges when the glass substrate 8 is removed from the sample attracting plane 7 
after a voltage supply is stopped). The results are shown in Table 1. It is 
understood from the results that the structure in which the first electrode and the 
second electrode are not overlapped with each other in the normal lino direction of 
when the sample attracting plane is favorable with roopoct to the capacitanco is 
viewed in the depth direction . 
[0064] [Third Test Example] 

Distribution charts of the gradient force and the potential contour of the 
first embodiment, the third embodiment, and the first reference example are 
calculated by creating calculation models in the two-dimensional electric field 
calculation. The results are shown in Figs. 20 to 25 (Figs. 20 and 21 shows the 
first reference example, Figs. 22 and 23 show the first embodiment, and Figs. 24 
and 25 show the third embodiment). Note that in the respective drawings, the 
electrode portions of the respective models show enlarged views. 

In this example, the gradient force Fy is represented with respect to the 
normal lino depth direction y of the sample attracting plane 7 by the following 
expression (2). 

Fy = a(Ey2)/ay ... (2) 

[0065] Figs. 22 and 24 show that dark portions (portions high in the gradient 
force) widely exist in a region surrounded by dotted lines in those figures as 
compared with Fig. 20. As a result, it is understood that both of the electrostatic 
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chucks of the first embodiment and the third embodiment have the excellent 
gradient force as compared with that of the first reference example. Note that it 
is found from Figs. 23 and 25 that the gradient force exists in a portion where the 
potential contours are dense firom sparse. 
[0066] [Fourth Test Example] 

With the bipolar electrostatic chuck of the first reference example as a 
model, a change in time constant in a case where a volume resistivity of the upper 
insulating layer is changed to assume the electrically conductive layer is graphed. 
The results are shown in Fig. 26. The time constant becomes smaller as the 
volume resistivity is further reduced from 1E14G m of polyimide. It is presumed 
that the time constant is reduced by three hold of magnitude when the volume 
resistivity is about lElOQ m, thereby contributing to easy dismounting of a 
substrate. This is because electric charges that have been stored in the glass 
substrate flow into the electrode through the electrically conductive layer, and are 
finally removed naturally in a power source or removed by an external discharge 
unit or the like. 
[0067] [Fifth Test Example] 

It is assumed to model the bipolar electrostatic chuck that has the first 
electrode 2 shaped in the band-like comb teeth and the second electrode 4 shaped 
in the band-like comb teeth as in the first embodiment, and has the upper 
insulating layer 1, the interelectrode insulating layer 3, and the lower insulating 
layer 5 formed of the polyimide films which are 50 iim in film thickness, 
respectively, as in the first embodiment. In this case, a width z (band-like 
electrode width z) of the band-like portion 2a in the first electrode 2 is made equal 



to an interval z (interelectrode gap z) between the adjacent band-like portions 2a, 
and a width z (band-like electrode width z) of the band-like portion 4a in the 
second electrode 4 is made equal to an interval z (interelectrode gap z) between 
the adjacent band-like portions 4a. Then, the attracting performance (g£^cm2) per 
unit area on the sample attracting plane is calculated by changing the value z (= 
band-like electrode width = interelectrode gap). The results are shown in Fig. 27. 
Fig. 27 graphs a change in respective values of a relative ratio of the attracting 
performance indicative of the ratio of the attracting performance in a case where z 
= 1 mm is set as 1 [an axis on the left side of the graph], an attracting 
performance (gf^cm^) in a case where a potential of ±1.5 kV is applied [an axis on 
the left side of the graph], and an attracting performance (N/m) per unit length 
which is exerted on one tooth (band-like portion 2a) of the band-like comb teeth 
that constitute the first electrode 2 in the case where a potential of ±1.5 kV is 
applied (an axis on the right side of the graph). In the graph, when z is in a range 
fi-om 0.15 to 0.5 mm, the relative ratio and the attracting performance (gf^cm^) in 
the case where the potential of ±1.5 kV is applied become maximum, and reach 
the maximum points when z is about 0.3 mm, respectively. As is apparent fi^om 
the above results, it is found that the attracting performance of 30 gf^cm^ at the 
maximum is obtained in the case where the potential of ±1.5 kV is applied. The 
value exceeds 10 times as much as the attracting performance of the first 
reference example in the first test example. 

[0068] In a case in which the film thickness of the polyimide film that constitutes 
the interelectrode insulating layer 3 is set to 25 pm, and another case in which 
the film thickness is set to 75 pm, an attracting performance (gf^cm^) per unit 
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area on the sample attracting plane is calculated by changing the value z (= band- 
like electrode width = interelectrode gap), under the same conditions as those 
described above except for the thickness of the polyimide film. As a result, the 
attracting performance becomes the maximum in each of the film thicknesses 
when z is in the range of 0.15 to 0.5 mm, and reaches the maximum point when z 
is about 0.3 mm as in the above results. It is found that in the case where the 
film thickness of the interelectrode insulating layer is 25 pm, the maximum 
attracting performance indicates a value of 46 gf^cm^ when a potential of ±1.5 kV 
is applied, and the attracting performance increases as the film thickness of the 
interelectrode insulating layer becomes thinner. 

It should be noted that in the contents of the fifth test example, the same 
results are obtained even in the case where the second electrode is formed in a 
plane having a given planar area. In other words, in the model of the bipolar 
electrostatic chuck having the first electrode 2 of the band-like comb teeth and the 
plate-like second electrode 24 having the given planar area as in the third 
embodiment, it is found that the same results as those indicated by the graph of 
Fig. 27 are obtained even if calculation is conducted under the conditions of the 
above fifth test example. 

Industrial Applicability 

[0069] The bipolar electrostatic chuck according to the present invention is 
excellent in electric field intensity and exercises the high gradient force, thereby 
making it possible to provide the excellent flatness of the sample that is attracted 
and held. Also, the bipolar electrostatic chuck according to the present invention 
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exercises the sufficient attracting performance even in a large size sample. In 
particular, a glass substrate for a liquid crystal display which is called "fourth 
generation" in recent years is 900 mm x 1100 mm in size, and in order to realize 
the electrostatic chuck that attracts the glass substrate, the electrostatic chuck of 
the present invention which is, for example, 300 mm x 400 mm in size is 
fabricated, and 9 electrostatic chucks are disposed on a device table which is 
capable of evenly assembling those electrostatic chucks, thereby making it 
possible to realize the above electrostatic chuck. 

Also, the bipolar electrostatic chuck according to the present invention 
exercises not only the attracting performance caused by the gradient force, but 
also a coulomb force having the attracting performance of, for example, about 100 
gfi'cm^, in addition to the gradient force. As a result, the bipolar electrostatic 
chuck according to the present invention can be used to attract and hold the 
semiconductor substrate such as a silicon wafer. In other words, the use of the 
bipolar electrostatic chuck according to the present invention makes it possible to 
process the insulating substrate such as the glass substrate and the 
semiconductor substrate such as the silicon wafer by the same device. In either 
case, the bipolar electrostatic chuck according to the present invention is capable 
of attracting and holding those substrates with high reliability under the 
optimized conditions where a voltage that is applied to the electrodes is lowered 
as much as possible. 

Also, the bipolar electrostatic chuck according to the present invention is 
capable of eliminating the difficulty of dismounting the sample from the sample 
attracting plane as much as possible after the voltage has been applied to the 
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electrodes. For that reason, the present invention is valuable particularly in the 
fields of the liquid crystal panel and the semiconductor manufacturing which are 
increasingly upsized in recent years, as well as the manufacturing field of diverse 
flat panel displays, and the field and the like which is related to a manufacturing 
process of a semiconductor substrate made of silicon, amorphous silicon, gallium 
phosphide, gallium arsenide, silicon-on-insulator, or the like, a glass substrate 
made of soda lime glass, low-alkali glass, non-alkali glass, or the like, a resin film 
substrate for flexible display which may be realizable in near future, or the like. 
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